Abstract-For practical wireless transmissions, a transmitter cannot always receive the channel state information (CSI) perfectly due to feedback delay, estimation error and quantization error. Therefore, the prescribed quality of service (QoS) requirements, such as bit error rate (BER), can not be guaranteed and the system performance will then be degenerated. In this paper, the resource allocation for wireless transmission with the Doppler effect is investigated, and a new resources allocation method based on the system dynamics is developed. It is shown that, unlike the existing resource allocation methods based on mean feedback, the new method in this paper can not only reduce the effect of imperfect CSI on the given BER, but also improve the efficiency of resource allocation. The wireless systems equipped with the new resource allocation scheme behave with strong robustness with respect to the change of the correlation coefficient. In addition, by properly choosing the control parameters, the scheme can further improve the allocation efficiency with the satisfied QoS. Simulation results are given in support of the good performance of the proposed new scheme.
where the mean µ denotes an estimate of channel based on the feedback, and α represents the covariance of the estimation error. For the case of covariance feedback, the channel distribution is modeled as h ∼ N (0, Σ), which denotes the channel h varies too rapidly such that the transmitter cannot track its mean.
Recently, many authors have investigated different transmission model under partial CSI [3] - [7] . [4] investigates an adaptive modulation schedule and the problem of maximizing the information transfer rate in both cases are presented in [3] . An adaptive MIMO-OFDM based on channel mean feedback is studied by [6] . For the case of partial CSI caused by Doppler effect, there are still not publications on the dynamics analysis of allocation schedule up-to-date. When analyzing the dynamics of the transmission model, we find that the efficiency of an allocation schedule can be further improved by introducing appropriate parameters.
In this paper, a system dynamics analysis model for analyzing the effects of partial CSI on the allocation schedule is developed. We first analyze the effects of partial CSI on BER. More concretely, the transmission is affected by Doppler effect, leading the channel gain to keep changing. We then apply the mean feedback to model the transmission. Based on the given system model, we analyze the system dynamics under different parameter values. Since the derived difference equations are nonlinear, we linearize it and analyze the stability of equilibrium point. We find that the system is locally asymptotically stable in the case of appropriate parameter values. We also find that the equilibrium point changes according to the introduced parameters. Simulation results show that that the proposed allocation schedule not only suppresses the effect of the correlation coefficient, but also improves the efficiency of resource allocation by selecting appropriate parameters.
The paper is organized as follows. In Section II, the system model is described and the allocation schedule is formulated. Section III presents the system dynamics analysis model and the new allocation schedule is derived. Simulation example results are shown in Section IV. Section V gives conclusions.
II. PROBLEM FORMULATION
Consider the downlink of a base station (BS) with a receiver (Rx). The transmission schedule is illustrated in Figure 1 .
Under the condition that the channel delay is ignored, the bit error rate (BER) for an additive white Gaussian noise (AWGN) Fig. 1 . Transmission Model channel with MQAM modulation can be expressed as [4] :
where P (t) represents the transmitted power at time t, h(t) denotes the channel gain, and r(t) is the number of bits to be transmitted and σ 2 denotes the noise power. For considering, the imperfect channel state estimation process is modelled as follows. We assume that 1) the CSI is obtained at the receiver perfectly; 2) the channel gain at Rx at time t is subject to
3) the BS receives the CSI after feedback delay τ d = T
with Doppler frequency effect. We also assume that the feedback path does not introduce any errors. The transmitter models the channel as
whereh(t) is the conditional mean of h(t) given feedback information and ǫ is the associated error with mean equal to zero. Suppose h f (t) is the channel gain, estimated at the BS side at time t, which corresponds to the true channel gain τ d seconds earlier, i.e., h f (t) = h(t − τ d ). Therefore, h f (t) has the same Gaussian process as h(t).
Let ρ = J 0 (2πf d τ d ) represent the correlation coefficient by Jake's model, where J 0 (·) denotes the zeroth-order Bessel function of the first kind. Then for each realization of h f (t), theh(t) can be obtained as [5] 
with σ
). According to [9] , for arbitrary vector α ∼ CN (µ, Σ), the following equation holds:
where E(·) represents the expectation. Apply (4) to (1), we get
where
Based on this equation, the allocation schedule can be expressed as:
Obviously, when ρ = 1, σ ǫ = 0. The right hand side of (5) is agreed with (1) . In addition, in the case of |ρ| < 1, E(BER(t)) is a decreasing function of Ψ, and therefore, we can use the allocation schedule
to guarantee the requirement
where BER target denotes the target BER.
In order to study the efficiency of allocation schedule in (5) and (7), we define
such that
Note that Θ(t) varies with |h(t)| for a given BER target . Moreover, the right hand side of (11) is a decreasing function of Θ(t) for a given |h(t)|. When the feedback delay is considered, one can approximate the true Θ(t) in (11) by using the allocation schedule in (5) . Then the question is: how close does the approximate Θ(t) from (5) approximate the Θ(t) in (11)? Clearly, when the approximate Θ(t) is larger than the true one, the allocation schedule satisfy the requirement in (9) . In the ideal case, the allocation schedule Θ(t) should approximate the true one in (11) closely while satisfying the given requirement. In order to analyze the efficiency of the allocation schedule in (5), we need to compare the approximate Θ(t) obtained from (5) for different ρ values with the one obtained from (11) . The allocation schedule function is illustrated in Figure 2 . It is seen that, when ρ = 1, the figure denotes the variation of true Θ(t). It is also seen that, in Figure 2 the approximate Θ(t) is sensitive to the change of |h(t)| ≪ 1 for all ρ. On the other hand, it varies slower when |h(t)| > 1. However, when |h(t)| ≪ 1, the approximate Θ(t) is sensitive to the change of |h(t)| in the case of ρ = 0.9. When ρ decreases to 0.5, the approximate Θ(t) varies slower with |h(t)| 2 . Therefore, the allocation schedule in the case of ρ = 0.9 will consume much more power than that of ρ = 0.5. Contrarily, the allocation schedule in the case of ρ = 0.9 will consume less power than that of ρ = 0.5 in good channel state. In addition, the obtained Θ(t) in ρ = 0.9 is close to the true Θ(t).
Based on the discussion above, we investigate the effect of allocation schedule under (5). Since ρ = 1 denotes perfect CSI, we compare the allocation schedules in the case of |ρ| < 1 with that of ρ = 1. The approximate Θ(t) under the cases of ρ = 0.9 0.7 0.5 are shown in Figures 3 and 4 The variation of Θ(t) with |h(t)| 2 by (5) in the case of E(BER(t)) = BERtarget. and 5, respectively. From these figures, it is seen that when ρ → 1, the approximate Θ(t) fluctuates seriously thought small change of h f (t). When ρ decreases to 0.5, the fluctuation of approximate Θ(t) reduces. These results in Figures 3-5 also accord with the results shown in Figure 2 . Therefore, the allocation schedule (5) in the case of ρ → 1 is efficient. More concretely, we study the effect of the allocation schedule (5) on the practical BER(t). The obtained BER(t) in the cases of ρ = 0.9, 0.7, 0.5 are illustrated in Figures 6-8 , respectively. Since BER(t) is sensitive to the change of |h(t)|, we plot log 10 (BER(t)) to analyze its performance. Figure 6 , log 10 (BER(t)) is mainly distributed in the range [−100 0] for the case of ρ = 0.9. While Figures. 7 and 8 show that the log 10 (BER(t)) is mainly distributed in the range [−150 0] and [−170 0] for the cases of ρ = 0.7, 0.5, respectively. Therefore, the allocation schedule (5) will consume more power to send the same bits when ρ decreases. Accordingly, the allocation schedule turns out to be more conservative. The efficiency of allocation schedule (5) is sensitive to the change of ρ. 
III. DYNAMICS OF RESOURCE ALLOCATION MODE
It is notice that the system dynamics based analysis have been widely applied to analyze TCP system performance [10] - [11] . In this section, we follow [10] - [11] to develop a system dynamics analysis model for wireless communication systems, aimed at analyzing the effects of partial CSI and achieving optimal performance of resource allocation.
Considering the channel delay, we propose a new transmission schedule as follow
where Γ(BER) = ln(5BER)/ − 1.6 and BER denotes the target BER, and g(BER(t)) represents the control parameter. For simplicity, we rewrite (12) as follow:
and
In the following, we discuss the adjustment of control parameter g(BER(k)), which is related to the stability of dynamics (12). Based on (13) and (14), we get
For the further analysis, we assume that the system equilibrium point is at {h * , r * , BER * } and
Then we have the equilibrium point with
By linearizing the nolinear equation (15) about the equilibrium point, we obtain the linearized system dynamics as follow
Remark 3: Clearly, when 
where M = ln(5BER) · ln(K · BER). 
(27) Remark 5: Since K ∈ (0, 1), we get
Therefore, we derive
Based on the above discussion, it is easy to prove that
Therefore, the system is locally asymptotically stable. Remark 6: From the above discussion, the parameter K affects the equilibrium point. When K = 1, the equilibrium point is the target BER, and the allocation schedule makes the state BER(k) fluctuate around the target BER. When K ∈ (0, 1), the allocation schedule makes the equilibrium point BER * ∈ (K · BER, BER).
However, when calculating BER(k + 1), h(k + 1) is not available at the transmitter in practice. Since h(k + 1) = ρh(k) + w with w ∼ CN (0, σ 2 ǫ ), we use
to approximate the true BER(k + 1), where
In this case,
Therefore,
IV. A SIMULATION EXAMPLE
Based on the allocation schedule in (38), we first study the allocation schedule for the case of K = 1. The approximate Θ(k) in (39) with ρ = 0.9, 0.7, 0.5 is illustrated in Figure 9 . It is seen that the allocation schedule approximates the true one closely for all cases of ρ < 1. Compared with Figure 2 , the allocation schedule in (39) is more efficient than that of (5) whenever the channel has different conditions. Moreover, the proposed new allocation schedule is not so sensitive to the change of ρ. Accordingly, the comparisons of approximate Θ(t) and the true one are shown in Figures 10-12 for the case of ρ = 0.9, 0.7, 0.5, respectively. From these simulation results, we note that our proposed allocation schedule performs very well. illustrated in Figures 13 and 14 , respectively. Θ(t) varies in a small range for different cases of ρ. Therefore, the allocation schedule in (39) is robust with respect to the change of ρ. In order to get more insight to the proposed new allocation schedule in (39), we study the comparisons of approximate Θ(k) for the case of ρ = 0.9 0.7 0.5 with K = 10 −4 . The proposed new allocation schedule consumes much less power to transmit the same amount of information under the same environment. Moreover, also the proposed scheme is robust with respect to the change of ρ, and has achieved optimal performance.
V. CONCLUSIONS
In this paper, we have studied the dynamics of a wireless resource allocation model with the Doppler effect, and developed a new resource allocation scheme. It has been seen that the developed new allocation scheme is robust with respect to the change of channel state. Also, the efficiency of the resource allocation can be further improved by adjusting the control parameter. The simulation results have confirmed the efficiency of the new allocation scheme under different channel conditions.
